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[57] ABSTRACT

In a process for producing distillates from coal by a first
stage thermal liquefaction followed by a catalytic hy-
drogenation, liquefaction solvent is added at points
spaced over the length of the thermal liquefaction

heater.

Coal may be co-processed with petroleum o1l by adding
pre-hydrogenated oil to the first stage or unhy-
drogenated oil to the second stage. |

16 Claims, 1 Drawing Sheet
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CO-PROCESSING OF CARBONACEOQUS SOLIDS
AND PETROLEUM OIL

The Government of the United States of America has 5
rights in this invention pursuant to Contract No. DE-
AC22-84PC70042 awarded by the U.S. Department of
Energy. |

This invention relates to the processing of carbona-
ceous solids, and more particularly to the liquefaction of 10
carbonaceous solids. Still more particularly, this inven-
tion relates to the co-processing of carbonaceous solids
and a petroleum oil.

Carbonaceous solids, and in particular coal, have
been liquefied in order to produce refinery like hydro- 15
carbon liquids, and in particular distillates. In general,
the liquefaction of carbonaceous solids, and in particu-
lar coal, involves a two step procedure, with the first
step providing for liquefaction of the coal in the pres-
ence of a liquefaction solvent, and the second for up- 20
grading of first stage liquefaction effluent to distiliates
by catalytic hydrogenation.

Similarly, heavy petroleum products such as crude
oils and crude oil derivatives have been treated in order
to upgrade such heavy petroleum products, to distil- 25
lates. In general, difficulties have been encountered 1in
upgrading such heavier petroleum materials as a result
of the metals content, high residuum content, sulfur
content, etc.

Accordingly, there is a need for an effective process 30
for upgrading of both carbonaceous feedstocks and
higher boiling or heavier petroleum feeds to refinery

like hydrocarbon liquds.
In accordance with the present invention there is

provided an improvement in a process for liquefying a 35
carbonaceous solid in a two stage process wherein the
first stage is a thermal liquefaction and the second stage

is a catalytic hydrogenation.

In accordance with one aspect of the present mven-
tion, in the thermal liquefaction stage, liquefaction sol- 40
vent i1s added in stages. More particularly, a carbona-
ceous solid is thermally liquefied in a thermal liquefac-
tion heater (preferably a tubular heater) and liquefac-
tion solvent is added to the heater over at least two
points spaced over the length of the heater. In particu- 45
lar, in such addition, the amount of solvent added at any
point is greater than the amount of solvent added at a
previous point.

Thus, in accordance with this aspect of the present
invention, a carbonaceous solid slurried in a liqud is 50
introduced into a thermal liquefaction heater and lique-
faction solvent is added to the pumpable slurry of car-
bonaceous solids during passage through the heater
over at least two points spaced over the length of the
heater. | 55

The initial slurry may be formed from a liquefaction
solvent identical to that added over the length of the
heater or may be a coal derived liquid different than the
liquefaction solvent added during passage through the
heater or may be an extraneous liquid. As hereinafter 60
indicated, the carbonaceous solid may be initially slur-
ried in a hydrogentated heavy petroleum oil.

The total amount of liquefaction solvent added dur-
ing passage of the slurried carbonaceous solid through
the thermal liquefaction heater is sufficient to provide 65
for liquefaction of the solid. In general, the liquefaction
solvent is added in a total amount to provide at least 0.1
part of solvent per 1 part of coal, by weight. In most

2

cases, the liquefaction solvent is provided in an amount
which does not exceed 1 part of solvent per 1 part of
carbonaceous solid, by weight. The number of points
over which the solvent is introduced over the length of
the heater will vary; however, solvent is introduced
over at least two points and preferably over three or

more points.
Although the present invention is not to be limited by

‘any theoretical reasoning, it is believed that as hquefac-

tion proceeds, the liquefaction solvent functions to ac-
celerate the fragment stabilization route to oils by cap-
ping frée radicals to prevent condensation reactions
which lead to insoluble matter. The staged addition of
liquefaction solvent is effected in a manner to corre-
spond to the kinetics of the conversion of the carbona-
ceous matter to liquefied product which can reduce
overall solvent requirements.

In accordance with a further aspect of the present
invention, there is provided a process for the coprocess-
ing of carbonaceous solids and a petroleum oil wherein
a heavy petroleum oil is initially hydrogenated to in-
crease the hydrogen content thereof, with the hydroge-
nated petroleum oil then being combined with a carbo-
naceous solid feedstock and subjected to a first stage
thermal liquefaction in the presence of a liquefaction
solvent to provide a combined liquefaction product
which is then subjected to a catalytic hydrogentation 1n
a second stage.

In accordance with another aspect of the present
invention, there is provided a procedure for the co-
processing of a carbonaceous solid and a heavy petro-
leum oil wherein the carbonaceous solid is thermally

liquefied in a first stage in the presence of a liquefaction
solvent, followed by catalytic hydrogenation of at least

a portion of the thermal liquefaction product in a sec-
ond stage to produce distillates, with a petroleum de-
rived feed being hydrogenated in the second stage In
conjunction with the liquefaction product.

In co-processing, the hydrogenated petroleum oil
added to the first stage and/or the unhydrogenated
petroleum oil added to the second stage may vary de-
pending on process requirements. In general, the weight
ratio of petroleum oil to coal ranges from about 1:10 to
10:1.

In a preferred embodiment, the addition of hydroge-
nation oil to the first stage is combined with staged
addition of liquefaction solvent to the thermal heater. In
such an embodiment, the hydrogenated petroleum oil 1s
preferably employed in an amount which 1s at least
sufficient to provide a pumpable slurry when combined
with the carbonaceous solid feed.

In accordance with the various aspects of the present
invention, the liquefaction process involves two stages,
with the first stage being a thermal liquefaction, and the
second stage being a catalytic hydrogenation to pro-
duce distillates.

In accordance with preferred embodiments the co-
processing is combined with staged addition of hquefac-
tion solvent, as hereinabove described.

In general, the first stage is operated at a temperature
from about 700° F. to about 900° F., and most generally
in the order from about 800° F. to 875° F. Contact times
at such temperatures are generally in the order of from
0.5 minute to 40 minutes. In the first stage, the carbona-
ceous solid is liquefied in the presence of a hiquefaction
solvent at elevated pressures and in the presence of
gaseous hydrogen. The liquefaction pressure is gener-
ally from 500 to 3,500 psig and hydrogen when used 1s
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generally added to the first stage in amounts of from
4,000 to 18,000 SCF per ton of coal. It 1s to be under-
stood, however, that the conditions described are 1llus-
trative of those generally employed by the first stage.

The reaction contact time in the first stage is suffi-
cient to effect liquefaction of the carbonaceous sohd.
The first stage liquefaction may be accomplished 1n a
tubular heater, and if additional time is needed for ef-
fecting the liquefaction, a soaker may be used in con-
junction with the heater to increase contact time.

All or a portion of the liquefaction product from the
first stage is catalytically hydrogenated in a second
stage. As known in the art, the first stage product in-
cludes unconverted solids derived from the feed, such
as ash and such solids may be removed subsequent to
the first stage and prior to the second stage with the
solids being separated from the second stage product.

The second stage is operated to produce desired
product, and in particular distillates, and to formulate
liquefaction solvent for use in the first stage.

In general, the second stage 1s operated at a tempera-
ture from 650° F. to 890° F., and at a pressure in the
order of from 1000 to 4000 psig. The second stage in-
cludes a hydrogenation catalyst of a type known in the
art; for example, an oxide or sulfide of a Group VI and
Group VIII metal.

In accordance with a preferred embodiment, the
second stage hydrogenation is accomplished 1n an up-
flow ebullated or expanded bed, with such bed being of
a type known in the art.

In accordance with the various aspects of the present
invention wherein a petroleum oil is co-processed with
the solid carbonaceous feed, in such a two stage proce-
dure, as hereinabove indicated, the petroleum oil may
be added to the second stage without prior hydrogena-
tion, or in the alternative, petroleum oil may be hydro-
genated and added to the first stage. Applicant has
found that in a two stage process involving a thermal
liquefaction stage and a catalytic hydrogenation stage,
unhydrogenated petroleum oil should not be added to
the first stage.

All or a portion of the liquefaction solvent require-
ments for the first stage may be provided by recovery of
material from the second stage effluent which 1s com-
prised of 850° F.—liquid, as well as 850° F.+liguid.
Thus, the material recovered from the second stage
which is generally employed in formulating hiquefaction
solvent, is comprised of 500° F.+ material which -
cludes materials which boil within the range of from
500° F. to 850° F. (850° F.— material), as well as the
materials which boil above 850° F.+ matenals)). The
relative portions of 850° F.—material and 850° F.+
material present in-the recycle solvent may be as dis-
closed, for example, in U.S. Pat. Nos. 4,547,282; or
4,545,890; or 4,544,476.

In accordance with the aspect of the present inven-
tion wherein a heavy oil derived from petroleum 1s
hydrogenated and employed in the first liquefaction
stage, such hydrogenation is operated at a severity
which results in an increase in the hydrogen content of
the fraction which has an initial boiling point of at least
650° F. and preferably at least 975° F. In such hydroge-
nation, the hydrogen content of such fraction 1s gener-
ally increased by at least 19 and preferably by at least
10% all by weight. In general, the hydrogen content 1s
not increased by more than 30%.

The petroleum derived feed 1s hydrogenated at con-
ditions to provide such 2 hydrogen content, with such
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hydrogenation generally being accomplished at a tem-
perature in the order of from about 650° F. to 890° F. in
the presence of a suitable hydrogenation catalyst which
generally contains at least one hydrogenation compo-
nent from Group VI-B or Group VIII, preferably sup-
ported on a suitable support such as alumina. The heavy
petroleum oil may be hydrogenated 1n an expanded bed,;
however, the scope of the invention is not limited to
such a procedure.

In general, hydrogen gas is employed in the hydroge-
nation in an amount to provide a hydrogen partial pres-
sure of at least 30 atmospheres but less than 200 atmo-
spheres. In general, the catalytic hydrogenation of pe-
troleum oil is accomplished at a liquid hourly space
velocity of at least 0.1 but less than 10.0.

It is to be understood, however, that such conditions
are illustrative, and the selection of optimum conditions
for accomplishing the hydrogenation of the petroleum
oil, prior to combining such petroleum oil with a sohd
carbonaceous feed to be subjected to liquefaction, is
deemed to be within the scope of those skilled in the art
from the teachings herein.

The carbonaceous solid which may be treated in
accordance with the various aspects of the present in-
vention may be any one of a wide variety of such solids
including, but not limited to various types of coal, lig-
nite, peat, oil shale, tar sands, biomass and the like, with
the preferred solid carbonaceous feed being coal.

The heavy petroleum otl which is treated in accor-
dance with the present invention is one which has an
initial boiling point in excess of about 600° F. As repre-
sentative examples of such petroleum oils, there may be
mentioned virgin vacuum residua; unconverted residue
from the hydrotreatment of virgin vaccum residuum;
unconverted residue from the fluid catalytic cracking of
virgin residuum; unconverted residue from the heavy
cycle oil from a fluid cat cracker; unconverted residue
from the visbreaking of virgin residuum; asphalt frac-
tions from a virgin residuum deasphalter; etc..

The invention will be further described with respect
to the accompany drawing, wherein:

The drawing as a simplified schematic block flow
diagram which illustrates the present invention.

Referring now to the drawing, a carbonaceous solid
such as coal in line 10 1s introduced into a slurry tank,
schematically generally indicated as 11. The slurry tank
11 is also provided with a hydrogenated petroleum oil
through line 12. The hydrogenated petroleum oil in line
12 has been previously hydrogenated in a hydrogena-
tion zone 14 in order to provide a hydrogenated heavy
petroleum fraction, as hereinabove described.

A pumpable slurry of carbonaceous solid in hydroge-
nated petroleum oil is withdrawn from slurry tank 11
through line 13 for introduction into a first stage ther-
mal liquefaction. As particularly shown, the first stage
thermal liquefaction is effected in a tubular reactor or
heater, schematically generally indicated as 18.

Liquefaction solvent, obtained as hereinafter de-
scribed, 1s introduced into the tubular reactor 15 over a
plurality of points spaced over the length of the heater
15. As shown, the liquefaction solvent is introduced
through line 164, 16b, 16¢ and 16d, which are connected
to a manifold 16. As hereinabove described, in a pre-
ferred embodiment, the amount of solvent introduced
through line 164 exceeds the amount introduced
through line 16c, the amount introduced through line
16c exceeds the amount introduced through line 16b;
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and the amount introduced through line 166 exceeds the
amount introduced through line 16a.

The first stage liquefaction is operated at conditions
as hereinabove described in order to effect liquefaction
of the carbonaceous material, and a first stage effluent 1s
withdrawn through line 21 for introduction into the
second stage which is a catalytic hydrogenation stage
schematically indicated as 22. The second stage 1s pro-
vided with hydrogen through line 23.

The second stage catalytic hydrogenation is operated
as hereinabove described in order to provide distillate
product as well as liquefaction solvent. As hereinabove
described, the second stage is preferably an expanded
bed catalytic reactor; however, the scope of the inven-
tion is not limited to such reactor.

A second stage effluent is withdrawn through line 29,
and introduced into a recovery zone; schematically
generally indicated as 31. In the recovery zone 31, un-
converted residue, if present, is separated. In addition,
there is recovered a fraction which is comprised of
material which boils up to about 500° F. to 650° F. as a
lighter product and a distillate product which is com-
prised of material which boils in the order of from 500°
F. to 850° F. In addition, there is recovered through line
32 a recycle liquefaction solvent which liquefaction
solvent is comprised of both 850° F.— material and 850°
F.+ material. Additional make-up solvent may be pro-
vided through line 33, and the liquefaction solvent is
introduced into manifold 16 for staged introduction, as
hereinabove described. As an alternative embodiment,
instead of providing hydrogenated petroleum oil to the
first stage, unhydrogenated petroleum oil may be pro-
vided to the second stage 23 through line 36. In such an
embodiment, the coal would be slurried in tank 11 with
either liquefaction solvent, provided as recycle solvent
through line 32, or in the alternative, with an extraneous
liquid. |

The embodiment may also be modified by removing
unconverted material prior to the second stage.

Similarly, although the embodiment has been de-
scribed with respect to staged addition of liquefaction
solvent, it is possible to provide hydrogenated petro-
leum oil to the first stage thermal liquefaction without
using staged introduction of liquefaction solvent. In
such a case, the liquefaction solvent, and hydrogenated
petroleum oil could be combined in slurry tank 11.
Similarly, although the staged introduction of liquefac-
tion solvent for the first thermal liquefaction stage has
been described with respect to a coprocessing proce-
dure, it is possible to provide for staged introduction of
liquefaction solvent into the first staage, without co-
processing of petroleum oil with a carbonaceous sohd.
In such an embodiment, the coal would be inttially
slurried in reycle liquefaction solvent provided through
line 32, or in the alternative with a coal derived hquid
(for example, from the first stage liquefaction product),
or as a further alternative, by use of an extraneous lig-
uid.

Thus, as should be apparent, the present invention is
not limited to the embodiment specifically described
with reference to the drawing.

The present invention will be further described with
respect to following examples; however, the scope of
the invention is not be limited thereby.

EXAMPLE

In the following Table, Case 1 represents addition of
unhydrogenated petroleum oil to the first stage; Case 2
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represents addition of hydrogenated petroleum oil to
the first stage; and Case 3 represents addition of unhy-
drogenated petroleum oil to the second stage.

The unhydrogenated oil has hydrogen content of
9.75% based on 975° F.+ material.

As shown in Table, Cases 2 and 3 are superior to Case

1.

Hydrotreatment Conditions For
Pretreatment of Resid.

(Case 2 only) Case ] Case2  Case3l
Temp., °C. — 401} —
SV, SL/hr/L — 0.22 0
Pressure, Atm —_ 136 —_
%975 + Converted — 44 —
Yield of 975F + — 0.265 —_
Pitch, Bbl/bb)

975 + Feed

Hydrogen content — 11.40 —
of 975 + Pitch, %

Feedstock:

% Coal (Ill. 40 40 40
No. 6)

% 975F + Pitch 30 30 30
% Cold Lake ATM. 30 30 30
Resid.

SCT Conditions (First Stage)

Temperature, °C. 44 3 443 443
Pressure, Atm. 136 136 136
Contact Time, Min. 10 10 10
Catalvtic Stage Conditions (Second

Stage) - —

Temperature, "C. 410 410 410
Pressure, Atm. 136 136 136
Contact Time, Min. 60 60 60
Catalyst Shell 32dM Ni/Mo/

A190;

Co-Processing Performance

% QI in Catalytic 7.9 4.6 3.2
Stage Product

% TI1 in Catalvtic 21.1 7.0 8.7
Stage Product

Preasphaltenes

Yield, Kg/100 34.7 6.1 15.0
kg Coal
- O1l Yields, kg/100 52.1 61.5 75.0
kg Coal

Co-Processing 62.2 91.6 83.0

Performance index
(CPI}

CPl = MAF Coal Conversion x 0.25 + QOil + Asphaltenes x 0.75
Oil + Ashaltenes + Preasphaltenes

The present invention is particularly advantageous in
that in a cola liquefaction procedure, with or without
co-processing, solvent requirements can be reduced by
staged addition of solvent. In addition, by maintaining a
proper balance of donor solvent concentration as the
reaction proceeds along the length of the reactor in the
first stage, there can be obtained an improvement In
coal conversion. The improvement in the first stage
operation also improves the second stage, resulting in
improvement of distillate yeilds and lower catalyst re-
placement rates. The present invention provides for
improved co-processing by utilizing the petroleum feed
in a manner such that unhydrogenated petroleum feed is
not introduced into the first 'stage. These and other
advantages should be apparent to those skilled 1n the
art.
Numerous modifications and variations of the present
invention are possible in light of the above teachings,
and therefore, within the scope of the appended claims,
the invention may be practiced otherwise than has been

particularly described.
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what is claimed is:

1. In a process for liquefying a carbonaceous solid 1n
a thermal liquefaction heater in a first stage thermal
liquefaction in the presence of a liquefaction solvent,
followed by a second stage catalyic hydrogenation
wherein liquefaction solvent is recovered from the sec-
ond stage for use in the first stage, the improvement
comprising:

introducing a liquefaction solvent to the first stage

liquefaction heater, said liquefaction solvent being
introduced in at least two separate portions over
two points spaced over the length of the heater.

2. The process of claim 1 wherein the amount of
liquefaction solvent added at each subsequent point 1s
greater than the amount added at a previous point.

3. The process of claim 2 wherein liquefaction solvent
is added in a total amount of from 0.1 to 1.0 parts of
solvent per 1 part of carbonaceous solid.

4. The process of claim 1 wherein the carbonaceous
solid is slurred in a hydrogenated heavy petroleum oil
prior to introduction into the thermal lhquefaction
heater.

5. The process of claim 4 wherein the heavy petro-
leum oil is hydrogenated to increase the hydrogen con-
tent of the 650° F.+4 fraction by at least 1 weight per-
cent.

6. The process of claim 5§ wherein the thermal lique-
faction is effected at a temperature of from 700° F. to
900° F.

7. The process of claim 6 wherein the amount of
liquefaction solvent added at each subsequent point is
greater than the amount added at a previous point.

8. The process of claim 7 wherein the liquefaction
solvent is added in a total amount of from 0.1 to 1.0
parts of solvent per 1 part od carbonaceous solid.

9. A process for the liquefaction of a carbonaceous
solid, comprising:

liquefying a carbonaceous solid in a liquefaction sol-

vent in a first stage thermal hiquefaction;

catalytically hydrogenating at least a portion of a

liquefaction product from the first stage in a second
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stage to upgrade liquefaction product and product
distillates; and

introducing as an external fresh feed a petroleum

derived feed into the second stage for hydrogena-
tion in conjunction with liquefaction product.

10. The process of claim 9 wherein the petroleum
derived feed has at least 25 volume percent thereof
boiling above about 900° F. |

11. The process of claim 10 wherein at least a portion
of the liquefaction solvent employed in the first stage 1s
500° F+ material derived from the second stage.

12. The process of claim 11 wherein the thermal
liquefaction is effected in a thermal liquefaction heater
and liquefaction solvent employed in the first stage 1s
added over at least two points spaced over the length of
the heater.

13. In a process for the liquefaction of a carbonaceous
solid in a first stage thermal liquefaction in the presence
of a thermal liquefaction solvent, followed by a second
stage catalytic hydrogenation, the improvement com-
prising:
hydrogenating a heavy petroleum oil to increase the

hydrogen content of the 650° F.+ fraction thereof

by a least 10 weight percent and employing the
hydrogenated heavy petroleum oil as an external
fresh feed in the first stage thermal liquefaction,
and wherein the thermal liquefaction is effected in

a thermal liquefaction heater and liquefaction sol-

vent employed in the first stage i1s added over at

Jeast two points spaced over the length of the

heater.

14. The process of claim 13 wherein the amount of
liquefaction solvent added at each subsequent point is
greater than the amount added at a previous point.

15. The process of claim 14 wherein liquefaction
solvent is added in a total amount of from 0.1 to 1.0
parts of solvent per 1 part of carbonaceous solid.

16. The process of claim 13 wherein the petroleum oil
is catalytically hydrogenated at a temperature of from

650° F. to 890° F.

X * * % *x
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